Numerous studies have reported the capacity of the 
An intense interest has been focused recently on the phenomenon of differential lectin agglutination (DLA) of a variety of cell types (1) (2) (3) (4) . Analyses of the membranes of cells with differing agglutination patterns have revealed that receptor substances differ qualitatively and quantitatively as well as in their topographic distribution and availability (4) (5) (6) (7) (8) . Several of these studies revealed agglutination of viral and chemicaltransformed cells, and cells derived from embryonic tissues and from a limited number of malignant tissues, by the lectin, concanavalin A (con A). A number of hypotheses concerning these findings were presented (9) (10) (11) (12) (13) . Several of these proposed that unique surface characteristics of malignant cells could be related to their abnormal interactions with normal cells. Others have emphasized that agglutination could represent an example of fetal expression by the malignant cell or that agglutination is, in some manner, related to cell division. However, additional experiments have been reported wherein cells considered to be normal were agglutinated by con A while others considered to be malignant were not (14) (15) (16) (17) .
Recently, the dividing crypt cells of the normal rat intestine have been reported to be agglutinated by con A, a result similar to that obtained with cells from the embryonic gut; nondividing intestinal cells were unresponsive. This and related experiments were especially important because of their direct analysis of tissue components, and because they permitted comparison of several cell-types derived from a single tissue (18, 19) .
A wide variety of cells and, in particular, cells obtained directly from parenchymal tissues must be examined in order for us to understand the differential lectin agglutination reaction. The mammalian hepatocytes exist in widely varied physiologic and pathologic states. Thus, using available methods which produce single-cell suspensions from these tissues, one could test the response to con A of fetal hepatocytes, of hepatocytes from post-natal rats in interphase or during cell division, and of malignant cells from hepatomas. The reported expression of several fetal characteristics by malignant hepatocytes (20) (21) (22) (23) made it particularly desirable to test these cells and fetal hepatocytes for con A agglutination.
MATERIALS AND METHODS
ACI male rats (Microbiological Assoc., Walkersville, Md.) were used at 60 g and 200 g body weight. Fetal rats were used at 20-or 21-days' gestational age when the content of hematopoietic cells was declining rapidly. The livers of at least three fetal rats were pooled for each test. The five transplantable hepatomas (251a, 251c, 242, 252, and 253), which were tested for con A agglutination, were developed in this laboratory in male, ACI rats by exposure to N-2-fluorenylacetamide (24) . They had been transplanted subcutaneously for at least 15 generations at the time of these experiments and have been described in detail elsewhere (24) . Briefly, 251a and 251c are rapidly growing, histologically poorly differentiated, aneuploid, and they produce large quantities of alpha-fetoprotein (aF); 252 and 242 are slower growing, histologically well differentiated, diploid, and produce no a1F. 253 is a hepatoma which is extremely slow growing, very well differentiated, diploid, and produced no a1F.
Rats weighing 60 g and 200 g underwent standard 70%
hepatectomy under ether anesthesia. Previous experiments have demonstrated that at 20 hr after operation (the peak of DNA synthesis), as many as 50-75% of the residual hepatocytes of 60 g rats are involved in DNA synthesis; at 22 hr, 10-20% of the hepatocytes of 200 g rats are so involved (25, 26) . The major mitotic activity in each instance occurs during the next 8 hr.
Single-cell suspensions of hepatocytes were produced by a modification of the method of Jacob and Bhargava (27) in the majority of experiments. Briefly, the liver is perfused through the inferior vena cava and portal vein with calcium-free, phosphate-buffered saline (PBS) containing 0.02 M Na citrate. The liver is then minced gently and briefly homogenized in a glass mortar with a pestle made of a rubber stopper.
After dilution with PBS and centrifugation at 250 g for 5 (Fig. 1) . However, in some aggregates, an admixture of cells, which suggested adherence of erythrocytes to hepatocyte aggregates, could be demonstrated.
To examine the possibility that fetal hepatocytes were trapped by con A-agglutinated erythrocytes, we mixed erythrocytes and adult rat hepatocytes (1 X 106 cells per ml for each cell type) and exposed the mixtures to con A. In every instance, the resultant clumps were completely or predominantly of the erythrocyte-type. Rarely, hepatocytes were seen in close apposition to the edges of these aggregates, and were possibly adherent to them. Thus, the aggregation of fetal hepatocytes by con A appeared to be cell-specific.
Malignant hepatomas
Despite prolonged perfusion with PBS-citrate and many variations of ionic concentration, tumor cells prepared by the homogenization method demonstrated instantaneous, massive, spontaneous clumping.
However, single cell suspensions of all hepatomas tested were readily prepared by the collagenase technique and remained unclumped during long periods of incubation. The cells of each hepatoma were rapidly and almost totally agglutinated by con A (Table 2, Fig. 2 ). As described for erythrocytes, the size of the aggregates was greater with increasing concentration of con A.
DISCUSSION
This study reports a comparison of the susceptibility to con A agglutination of fetal, post-natal, and malignant hepatocytes. The normal, interphase hepatocyte was not agglutinated by con A whether it was prepared by PBS-citrate-homogenization or with collagenase, and treatment with trypsin did not increase its susceptibility to the lectin. The collagenase-prepara- tion used in these experiments possesses protease-activity, yet it too failed to sensitize the normal.hepatocytes to lectin agglutination. The failure by these proteases to increase agglutinability strongly suggests that this long-lived, highly functional parenchymal cell has surface components, or component responses, different from those of cells which are This diversity of response between normal hepatocytes and other cells is further demonstrated by the failure of con A to agglutinate the dividing hepatocyte at any phase of the cell cycle. The strongly synchronous character of the regenerative response of 60 g rats made possible the preparation of suspensions in which the predominant hepatocyte was in a single phase of the mitotic cycle (26, 27) . Fibroblasts dividing in culture, and the dividing cells of the intestinal crypts, have both been reported to exhibit agglutination with con A (5, 18) with a suggestion that the S phase is most sensitive.
Results with intestinal crypt cells appear to be more pertinent to our findings with hepatocytes, since both cell types represent derivatives of embryonic endoderm and were derived from intact tissues. Despite these similarities, the finding of a contrasting lectin agglutination between dividing crypt cells and hepatocytes is not unexpected. The former represent a classic example of the stem cell (the class designated GI) while the latter, normally a mitotically inactive cell engaged in the synthesis of "luxury" molecules (the class designated Go), has been demonstrated to retain many characteristics of structural and functional differentiation throughout the mitotic cycle (29) (30) (31) (32) . This diversity of lectin agglutination within a group of ostensibly similar, dividing, normal-endodermal cells, is explicable in terms of the diversity of phenotypic expression which evolves during embryonic differentiation.
The agglutination by con A of the cells of all of the hepatomas tested was identical to that of the fetal liver. Cells of other embryonic tissues are also agglutinated by this lectin (12, 19) . This property of hepatoma cells could represent another manifestation of a fetal-phenotype of those tumors which are reported to synthesize the plasma protein, alpha fetoprotein (24) and which demonstrate fetal isoenzymes and fetal-patterns of enzyme response (20) (21) (22) (23) . As temptingias-it is to use such findings to support the concept that malignant tumors represent a partial reexpression of fetal phenotype or a retrogression towards fetal form (33) , caution is warranted before accepting this hypothesis. None of the diploid, slowly growing hepatomas 242, 252, and 253 demonstrate production of alpha fetoprotein despite the application of an extremely sensitive radioimmune assay (24) . In comparison, the very rapidly growing aneuploid tumors, 251a and 251c, produce large quantities of this characteristic fetal-plasma protein (24) . Thus, we are presented with a single pattern of agglutination in a group of malignant cells which demonstrate contrasting patterns of fetal synthesis. Alternatively, con A agglutination of these tumor cells could be related to active cell division in these tumors. However, the enormous range of their growth rates, from 3 weeks to 9 months, makes it unlikely that agglutination of hepatoma cells is dependent upon mitotic activity.
Lastly, it is interesting, when considering the relationship between fetal-phenotype and the differential lectin agglutination reaction, that the dividing hepatocyte did not demonstrate agglutination with con A at any phase of the mitotic cycle in spite of the reported synthesis of significant quantities of a1F by dividing hepatocytes during the post-mitotic period (34) . This finding suggests either that a partial expression of fetal characteristics is possible in normal dividing hepatocytes, as is seen in malignant hepatocytes, or that con A agglutination is not related solely to expression of fetal characteristics. 
